INTRODUCTION {#sec1-1}
============

Fibrous dysplasia (FD) is a non-neoplastic developmental hamartomatous disease of the bone, characterised by a blend of fibrous and osseous elements in the region. With an incidence of 1:4000-1:10,000 it seems to be a rare disease.\[[@ref1]\] It represents approximately 2.5% of all bone lesions and about 7% of all benign bone tumors.\[[@ref2]\] Initially described as "osteitis fibrosa generalisata" by von Recklinghausen in 1891 in a patient with skeletal deformities due to fibrotic bone changes, the disorder became known as "fibrous dysplasia" in 1938 when Lichtenstein introduced the term.\[[@ref3]\] The three subtypes of FD are monostotic, polyostotic and craniofacial. The term "craniofacial fibrous dysplasia" (CFD) is used to describe fibrous dysplasia where the lesions are confined to contiguous bones of the craniofacial skeleton. Most cases of craniofacial fibrous dysplasia cannot be truly categorized as monostotic because of the involvement of multiple adjacent bones of the craniofacial skeleton. They are also not truly polyostotic because bones outside the craniofacial complex are spared. These conditions have a slight female predilection. They are seen in the first 3 decades of life and usually stabilize when the patient reaches skeletal maturity. However, there have also been reports of persistence at later periods underlining their variable clinical behaviour. Fibrous dysplasia involves the maxilla almost twice as often as the mandible, frequenting the posterior region and is usually unilateral in nature.

Diagnosis {#sec2-1}
---------

The most common presenting symptom in fibrous dysplasia is a gradual, painless enlargement of the involved bone or bones in the craniofacial region, clinically seen as facial asymmetry. In long bones there may be malformed extremity, limb pain, or pathologic fracture. If constriction of foramina or obliteration of bony cavities occurs, orbital dystopia, diplopia, proptosis, blindness, epiphora, strabismus, facial paralysis, loss of hearing, tinnitus, nasal obstruction, etc., may also be evident. In addition to clinical findings, diagnosis is based on results of the radiographic examination and histopathological findings.

Radiological findings {#sec2-2}
---------------------

The radiological signs of CFD are very distinctive, visualised as a thin cortex with well defined borders and ground-glass appearance. Radiographically, the appearance varies with the stage of development and amount of bony matrix within the lesion. The radiographic picture is more radiolucent and well defined in the early stages and becomes mottled and more radio opaque as the disease progresses.

MATERIALS AND METHODS {#sec1-2}
=====================

The records of 6 patients of craniofacial fibrous dysplasia were evaluated in terms of patients\' details like age, sex, clinical features, radiological picture, management and postoperative review.

RESULTS {#sec1-3}
=======

The mean age of the 6 patients was 15.5 years (range, 8-19 years). 3 females and 2 males were in the 2^nd^ decade of life and 1 male in the 1^st^ decade of life. The male to female ratio was 1:1. The universal clinical feature in all six patients was the presence of facial deformity. In addition, two of the patients complained of nasal obstruction due to obliteration of the nasal cavities. The average duration of the condition in the six patients was 8 months. Three of the patients reported with swelling of the maxillary region \[[Figure 1a](#F1){ref-type="fig"}\]. One of these patients also complained of nasal obstruction of the involved side due to obliteration of the nasal cavity by the lesion. Three of the patients had obvious swellings on the frontal region causing aesthetic concerns \[Figures [1a](#F1){ref-type="fig"} and [2a](#F2){ref-type="fig"}\]. Though the supraorbital and medial orbital regions were also involved due to projection of the frontal bones in 2 of these patients, there were no visual disturbances. The classic clinical features in maxillary involvement was a well defined bony hard swelling in the maxillary region, obliterating the nasolabial groove with no sensory impairment of infra orbital nerve. Intraorally the bony overgrowth extended onto the alveolar crest causing a ledge in the posterior region. In one of these patients, the swelling involved the nasomaxillary region with obvious obliteration of the nasal cavity \[Figure [1b](#F1){ref-type="fig"} and [c](#F1){ref-type="fig"}\]. The involvement of frontal bone in three of the patients manifested as prominence of the region creating a very unaesthetic appearance.

Routine radiographs were taken in 3 patients and CT scan in 5 of the patients \[Figures [1b](#F1){ref-type="fig"} and [c](#F1){ref-type="fig"}, [3a](#F3){ref-type="fig"}-[c](#F3){ref-type="fig"}\]. Conventional radiographs showed increased radio opaque appearance of the region. The area showed a classic ground glass appearance.

![(a) Monostotic maxillary fibrous dysplasia, (b) CT showing extensive maxillary involvement, (c) PNS Radiograph showing maxillary sinus obliteration, (d) Intraoral view of the lesion - Amount of bone removed, (e) Postoperative PNS view, (f) Postoperative view](AMS-3-66-g001){#F1}

![(a) Photograph showing frontal and parietal involvement, (b) Postoperative appearance after recontouring](AMS-3-66-g002){#F2}

![(a) CT showing frontal and parietal involvement, (b) Coronal CT view, (c) Sagittal CT view, (d) Removal of bone using osteotome, (e) Reconstruction of the frontal sinus wall using mesh, (f) The bone chips that were removed during frontal contouring](AMS-3-66-g003){#F3}

CT findings {#sec2-3}
-----------

Patient 1 had thickening of the frontal and parietal regions with deposition of bone on the inner aspect, at the expense of the cranial contents \[Figures [1b](#F1){ref-type="fig"}-[c](#F1){ref-type="fig"}\]. The frontal area showed thinning and perforation with loss of the anterior wall of the frontal sinus.

Patient 2 showed increased dimensions of the zygoma and partial obliteration of the right maxillary sinus. In patient 3, there was dense ossification of the maxilla, its antrum and slight raising of the orbital floor. Patient 5 and 6 showed gross thickening of the frontal and sphenoid regions with a bilateral frontal bossing including involvement of roof of the orbit. The bone had a mottled appearance with partial obliteration of the anterior cranial fossa.

Lab investigations {#sec2-4}
------------------

Routine investigations including haematology, serum Calcium and serum Alakaline Phosphatase (ALP) were performed. All parameters were within normal limits.

Management {#sec2-5}
----------

Incision biopsy was done for 4 patients in whom the maxilla was involved. A vestibular approach was used to remove the tissue and histopathological picture of the 4 patients showed loosely arranged curvilinear trabeculae with fibrous elements leading to a diagnosis of fibrous dysplasia.

In 3 patients where the condition was restricted to maxilla, after naso-endotracheal intubation, a vestibular approach was used to deglove the maxilla on the involved side exposing the anterior aspect up to the infraorbital rim. The lesion was removed using rotary instruments and osteotomes. The contouring was checked visually for satisfactory appearance. In one of these patients, the nasal cavity was partially obliterated. The piriform cavity was reshaped by removal of the osseous extension in the nasal cavity.

The approach to the frontal region in 3 patients was the bicoronal approach. After exposing the calvarium, bone was removed in small instalments using micro saws, rotary instruments and osteotomes \[Figures [1d](#F1){ref-type="fig"}, [3d](#F3){ref-type="fig"}-[f](#F3){ref-type="fig"}\]. The contour and aesthetics of the region was evaluated from time to time by putting back the scalp flap and reviewing the appearance. In one of the patients, the frontal sinus was devoid of anterior wall due to thinning. The sinus lining was removed and the anterior wall reconstructed with titanium mesh \[[Figure 2b](#F2){ref-type="fig"}\].

No attempt was made to remove the whole lesion till the intracranial part, considering the large thickness of the bone in this region and the absence of any signs or symptoms. In one of these patients, since maxillary involvement was also present, an additional intraoral approach was used to recontour this region. The aesthetics was restored in these patients as assessed clinically and radiologically.

The specimens were subjected to histopathological examination. The reports of the 6 individual cases are given in [Table 1](#T1){ref-type="table"}.

###### 

Histopathological report of the cases

![](AMS-3-66-g004)

All 6 patients were periodically reviewed every 3 months for 2 years \[Figures [1f](#F1){ref-type="fig"} and [2b](#F2){ref-type="fig"}\]. All three patients having only maxillary involvement had to be subjected to another surgical procedure to remove the remnant overgrowth of the condition in the alveolar crestal region after 3 months. Subsequent reviews did not show any recurrence.

DISCUSSION {#sec1-4}
==========

Von Recklinghausen first described the condition in 1891 in a patient with skeletal deformities and coined the term "osteitis fibrosa generalisata". It was renamed "fibrous dysplasia" in 1938 by Lichtenstein. Perhaps the most accurate term to describe fibrous dysplasia is "fibro-osseous dysplasia" or "fibrous osteodysplasia." Reed,\[[@ref4]\] has defined the condition as an "arrest of bone maturation in woven bone with ossification resulting from metaplasia of a nonspecific fibro-osseous type".

Schlumberger,\[[@ref5]\] first reported single bone involvement by the disease process and described it as "monostotic fibrous dysplasia". Presently, the terms "monostotic" (single bone) and "polyostotic" (multiple bones) are used to describe the extent of this condition in terms of number of bones involved. Monostotic fibrous dysplasia (MFD) constitutes about 70-80% of FD patients and is mostly seen in the second and third decade.\[[@ref6][@ref7]\]

The most commonly involved bones are femur, tibia, ribs and facial bones. The involvement of facial and cranial bones in FD occurs in nearly 50% of patients with the polyostotic form and in 10-27% of patients with MFD.\[[@ref8]\]

The polyostotic form is more frequently seen in female patients, and about 25% of all patients with polyostotic fibrous dysplasia (PFD) exhibit the disease in more than half of the skeleton.

FD can occur in both types of bones, endochondral and membranous. In addition to these two entities, another presentation is "craniofacial fibrous dysplasia" where the lesions are confined to contiguous bones of the craniofacial skeleton.\[[@ref9]\] CFD cannot be truly categorized as monostotic because of the involvement of multiple adjacent bones of the craniofacial skeleton but are not truly polyostotic either because bones outside the craniofacial complex are usually not involved. Between 50 to 100% of patients with polyostotic disease will have craniofacial involvement, whereas only 10% with monostotic lesions will have involvement of these structures.\[[@ref10]\]

In the maxillofacial region fibrous dysplasia involves the maxilla almost twice as often as the mandible and is usually seen in the posterior region. Most of these lesions are unilateral. Eversole *et al*.,\[[@ref11]\] classified the craniofacial type as polyostotic because many bones of the craniofacial complex are involved that are separated from each other only by sutures. The polyostotic type may be divided into 3 types: (1) craniofacial FD, in which only the bones of the craniofacial complex are affected; (2) Lichtenstein-Jaffe type, in which multiple bones of the skeleton are involved with café au lait pigmentations on the skin and rare endocrinopathies in a few of these patients; and (3) Albright\'s syndrome, characterized by the triad of polyostotic FD (mostly unilateral), café au lait pigmentations on the skin, and various endocrinopathies.\[[@ref12]\] Another very rare and special form is the Mazabraud syndrome, describing an association of the FD with soft tissue myxomas.

Diagnosis of polyostotic FD is generally based on clinical symptoms and radiological images. In contrast, the monostotic FD requires bone biopsy.

Most authors state that fibrous dysplasia in all forms occurs equally in male and female patients. However, some authors\[[@ref13]\] have noted the slight female predilection. The condition manifests in the first 3 decades of life and it is generally believed that many of the cases would stabilize when the patients reach skeletal maturity.\[[@ref14]\] The variable clinical behaviour of these lesions can however be illustrated by the series of fibrous dysplasia patients in the study by Harris *et al*.,\[[@ref15]\] where one patient presented with pain at 68 years of age.

The main presentation of patients with CFD is a diffuse swelling in the affected region. This affects the calvaria, the skull base, the zygoma, the maxilla and the mandible. The maxilla is more often involved than the mandible. The progression of the lesion may cause aesthetic impairment and deformities and clinical symptoms such as visual disturbances, proptosis, orbital dystopia, nasal malfunction, dental problems and sensory disturbances in the affected regions.\[[@ref16]\]

FD can resemble conditions like cherubism and other giant cell lesions radiographically and histologically.\[[@ref17]\] In general, fibrous dysplasia occurs more readily in membranous bones and involvement of ethmoids and sphenoid sinus is uncommon as these ossify in a cartilage.\[[@ref18]\]

Etiology {#sec2-6}
--------

The etiology of FD is not certain and is probably a genetic predisposition. It is assumed that the mutation is sporadic, postzygotic and located on the GNAS1 gene. This gene is found on chromosome 20q13 and is responsible for the formation of the alpha subunit of stimulating G-proteins.\[[@ref19]\] This mutation activates adenylate cyclise and consequently increases intracellular concentrations of cAMP resulting in abnormal osteoblast differentiation and production of dysplastic bone. On the other hand it stimulates release of several cytokines (mainly interleukin-6) which cause normal osteoclasts to congregate and increase bone resorption.\[[@ref20]\]

Diagnosis {#sec2-7}
---------

The usual presentation in fibrous dysplasia is a gradual, painless enlargement of the involved bone or bones causing facial asymmetry.

Other symptoms in CFD are seen due to constriction of cranial foramina or obliteration of bony cavities. These include anosmia, orbital dystopia, diplopia, proptosis, blindness, epiphora, strabismus, facial paralysis, hearing loss, tinnitus, etc.

With fibrous dysplasia, the primary goal is to distinguish it from other benign fibro-osseous lesions especially ossifying fibroma. Ossifying fibroma, unlike FD grows centrifugally and is clearly demarcated from the surrounding normal bone.

Radiology {#sec2-8}
---------

CFD patients can be assessed by plain radiography, magnetic resonance imaging (MRI) or CT-scans. Radiographically, the appearance of fibrous dysplasia will vary depending on the stage of development and quantity of bony matrix within the lesion. Thus the lesion is more radiolucent and well-defined initially and gradually changes to a mottled, ill-defined radiopacity in the later stages. The radiological picture in fibrous dysplasia is very distinctive showing a thin bony cortex with well defined borders and ground glass appearance. Three distinct patterns have been described by Panda *et al*.,\[[@ref18]\] The pagetoid appearance on CT imaging is characterized by bone expansion and scattered islands of bone formation in a low-attenuation field. The sclerotic type has a homogeneous appearance with a ground-glass appearance. The cystic type appears as a well defined low-attenuation lesion with a sclerotic margin.

Histopathology {#sec2-9}
--------------

The histopathological features are similar in all three types of FD, viewed as benign fibroblastic tissue, arranged in a loose, whorled pattern interspersed with spicules of woven bone with typical osteoblastic rimming embedded in fibrous tissue. Areas of cystic degeneration with hemosiderin laden macrophages, haemorrhage and osteoclasts may also be seen.\[[@ref21]\]

Management {#sec2-10}
----------

The aim of the surgical treatment in patients with FD is to prevent pathological fractures, control the pain and to reduce bone deformities.

The surgical treatment of CFD aims at correcting the facial deformity in most cases and restoring the obliterated foramina when they cause problems like visual disturbances, proptosis, orbital dystopia, nasal malfunction, etc.

Recommended treatment options can be divided into 4 categories:

ObservationMedical therapySurgical remodellingRadical excision and reconstruction

Small asymptomatic lesions of the craniomaxillofacial skeleton that are cosmetically acceptable to the patient are best managed with observation.

Medical therapy has not occupied a prominent role in the management of fibrous dysplasia to date. Recognition of pathogenesis of this disease led to treatment with biphosphonates. They control bone erosion by the inhibition of osteoclastic action. They have a high affinity for hydroxyapatite of resorbed bone and remain tied to it for a long period. The drug is incorporated into the cellular cytoplasm, inhibiting acid phosphatase secretion thereby arresting bone resorption.\[[@ref22]\] The theory is that the drug stabilizes the disease and improves the patient\'s pain. Another drug that has been used is pamidronate given intravenously. Pamidronate containing a basic nitrogen atom in its alkyl side chain represents a second generation drug, characterized by increased potency of inhibition of bone resorption and good tolerance.\[[@ref23]\] Pamidronate 60 mg/day through an intravenous route on 3 successive days reduces osteoclastic activity. This is repeated every 6 months for 18 months. It has been shown to reduce intensity of bony pain, bony resorption, and filling of lytic lesions. Another drug that is mentioned in literature is calcitonin.\[[@ref24]\] Vitamin D and calcium supplements have also been recommended since serum calcium is low in these patients.

Though there are no uniformly accepted protocols for treatment of CFD, surgical therapy remains the mainstay of therapy for this disease and is directed at correcting or preventing functional deficits and achieving normal facial aesthetics.

Conservative surgery involves a remodelling procedure aimed at achieving reasonably acceptable aesthetics. This can however result in recurrence, especially during the growth period\[[@ref25]\] and can range from 15-20%.\[[@ref16]\] A more personalised approach is ideal in these conditions and the decision to intervene is based on a careful assessment of the disease on the patient functionally and aesthetically.

The presence of the lesion in the craniofacial region is unique in that the presence of important structures in the vicinity can hamper complete removal of the pathology. Treatment for CFD aims at achieving cosmetic or functional goals. The surgical procedure is usually postponed till puberty hoping that the disease will undergo remission. Although conservative surgical resection is ideal, a more radical approach would be mandatory when the skull base is involved with complications of compression around foramina and orbital apex. The importance of a long term follow up following conservative treatment cannot be over emphasized. In general, stabilization usually occurs when bone maturation is completed. Alvares in a 23 year old follow up has shown stabilisation, 13 years after conservative surgery.\[[@ref26]\] Some authors recommend monitoring patients their whole life to assess the progress of the disease. One reason for this is the potential for late growth and dysfunction and a small risk of sarcomatous change. The risk of malignant transformation has been estimated to be 0.4% in fibrous dysplasia and 4% in McCune-Albright syndrome, with the craniofacial region most commonly being the site of occurrence.

Serum alkaline phosphatase levels are an important marker in detecting recurrence of FD.\[[@ref27]\] ALP has been shown to decline in patients treated with palmidronate.\[[@ref23]\] The authors postulate that recurrence is rare if the postoperative serum ALP level does not increase after complete resection. If the patient is older than 17 years and is in a condition that does not allow complete resection, partial resection is recommended because regrowth is not significantly probable. Surgery merely for aesthetic purposes is sufficient in patients older than 17 years, regardless of their preoperative serum ALP levels.

In 1990 Chen and Noordhoff proposed a treatment algorithm for the management of craniomaxillofacial fibrous dysplasia incorporating aggressive, radical surgery for the resection of diseased tissue.\[[@ref28]\] For this algorithm, they proposed that the head and face could be divided into 4 zones based on the esthetic and functional consequences of the disease at each of these sites and the unique anatomic considerations for operating in each area.

Zone 1 represents the fronto-orbito-malar regions of the face. These are esthetically critical and can be adequately reconstructed with simple bone grafting techniques after reconstruction. For this region, they recommended radical excision and reconstruction.

Zone 2 refers to the hair bearing scalp. It is not typically an aesthetic concern, and as such, intervention is optional for the patient.

Zone 3 refers to the central skull base including the sphenoid, pterygoid, petrous temporal bone, and mastoid. Given the difficulty in obtaining surgical access to these areas, the authors recommended observation of lesions in this region.

Zone 4 comprises the tooth bearing portions of the skull, the maxilla and mandible. The authors recommended conservative management, given the difficulty in reconstructing defects in this region.

CONCLUSION {#sec1-5}
==========

The fibrous dysplasia affecting the craniofacial region is a distinctive entity, that can in most cases be treated by conservative recontouring. The procedure is preferably indicated after the active growth phase has ceased. A long term follow up of these patients is mandatory considering the probable flare up of continuous growth of the lesion.
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